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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a hub bearing ^ T 
having a slip sensor for measuring a road surface friction 
coefficient capable of accurately determining a slip ratio 
of a wheel and thereby appropriately controlling stable 
running of a vehicle. 

SOLUTION: An axle unit 210 including a hub bearing unit 
mounted to a knuckle as a wheel support material has a 
slip sensor 211 formed by integrating an acceleration 
sensor and a rotation sensor. An outer ring 1 has a non- 
circular mounting hole 214 for mounting the slip sensor 
211 to a part inside the wheel 31 and inside balls 10. The 
slip sensor 211 has a mounting section 215 
corresponding to the shape of the mounting hole 214 
and is mounted to the mounting hole 214. 
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^^^^^^coh^^SH^itk,,, ( n = 1 . 2, 3, 4) £JB^£> 0 £<£>f;i/^IH#ifc 
, * £ £ M ~C £> 9 , fttftOh^^ttT^knT.t^:*. 

X U 7^®iS*ft^»»7 U y ^©ttlftOT, &*^^^^X4«Sffil6^:^> 2 5 % - 2 
5 % - 2 5%-2 5%, 2ttBl^^ 5 0X- 5 0%-0%-0XOh;^fi»tlt* 

[ 0065] 
t 22] 

T =F R •••(12 2) 

[ 0066] 



(12) 
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[0067] 
[1U3] 

F,„ =TJR„ =k d „ -TJR„ - (12 3) 

[0068] 

[0069] 
[&24] 

(0070] 

(1 2 3) , (1 2 4) «*B#M«#T*£#:5S;£:1#<5o 

- -T, k < . , R . , «t/M*IB-ettJE<bU«t^t><©i:-r*. 
[0071] 
[8c25] 

K=~T: - (12 5-1) 

^Z^' •- <1 2 5-2) 

[0072] 

(125-1) S; £ (12 1-1-6) SUftAb, H (125-2) it £: JD X. <h 
. <D cfc 3 \Z f£ Z> o 
[0073] 
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[I&26] 



k 1 


... ( 1 


2 


6 


— 1 ) 


k 1 

-f-T; = -±-M„AMg cos J3S' 2 


... ( 1 


2 


6 


-2) 


k 1 

^3 K 


... (1 


2 


6 


-3) 


^t; = ^- Mn fMg cos ps\ 

R 4 K 


... ( I 


2 


6 


-4) 


F' =Ma' 

xc xc 


... ( 1 


2 


6 


-5) 


fx + fl+h+f* =1 


... (1 


2 


6 


-6) 


4 k 

T7' — "S" 1 dn T" 


... ( 1 


2 


6 


-7) 



[0074] 

(126-7) j£\Z (126-5) 5C£f^Ab, 
[0075] 
[f&27] 




(12 7) 



[0076] 

(127) 5££ (1 26-1) - (1 26-4) Sl:ttAtSi:, ^S^S^^^^O 
J; -5 Id & . 
[0077] 
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[§C28] 





Ma xc/ 


1 y-* ^tln 


1 


M„ f}Mg cos pS } 


(12 8 — 


1 ) 


k 






1 


ju H f 2 Mg cos 0S' 2 • 


•• (12 8 — 


2) 








1 

~ K 




•• (12 8 — 


3) 


K 




/£ 


1 

** 


f* n f*Mg cos J3S' 4 . 


(12 8 — 


4) 




1 




(12 8 — 


5) 




[ 0078] 

(12 8-1) a$«LT. f , « . M.*ffl^T*r»»C-J-*iifc5«©J:5Kia:S. 
[ 0079] 

[*29] 

1 M„geospS[ (12 9) 

I 0080] 

H * Kl . (128-2) ~ (128-4) SJ^it^Cil;,};?), f , ~ f t =fe , u . 
£ ffl V> T > HTCt^TtS. -€-ne ( f , ~ f , ) * (12 8- 5) 5t K ft A T * £ . * 

[ 0081] 

COiptCUT^^ofcM.* (128-1) ~ (128-4) Stf^AtSCif, 

^L^iKSLTSl&fcfcC-e^iCT, -A3£<0 £ o \Z , ISc El S3 L- X ¥ 1% -ft U . f „ £ 
5£ ifc <h L T •£> . 

[ 0082] 
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[&30] 



/, = 1 Z/,„ - (13 0-1) 



n 



/ 2 = 1 S/ 2 - - (13 0-2) 



/ 3 = 1 S/3- - (13 0-3) 



/4= 1 Z/4- - (13 0-4) 



n 



[0083] 

d CD <fc 3 \Z V X f J^S*. 
[0084] 

* C (O f D ffi ^ T (1 28-1) — (1 28-4) ti , , m 2 , M,, m « 

lCB€*JSlAfc^#*£, /X,, At J * Ms* IJL a & 3fc » 
[ 0085] 

[§fc31] 

ju 2 =^al/±^^f 2 gcos/}S; - (13 1-2) 
^3=%-<c/i:% L -l L -/3^cos/?^ (13 1-3) 



^3 / »=1 ^ 



6 



ju 4 =^^a^/i:^^/ 4 gcos^S f 4 ... (13 1-4) 

[ 0086] 

SlF lB< i:, fiM K J: ^> ® i£ (inertial force) Mat^ffl^T, & * |§ CD r g§ 

[0087] 

^mF lc< h, fi <fc £>tflf4* (inertial force) Mai^ffi^T, & i£ l£ <D r g£ ® 

^iitMJ £ r fg Ifr F , c £ 1* < K7*-7F IB t<Oft*F fB j 



(16) 
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"T * fc «> K * & Zfi&fo<Dmm¥&R, * ( n = 1 , 2 . 3. 4, c) £ jR #> X 5 

[ 0088] 

&m&& &lfim>b<Z> y ^faltomm a v > ( n = 1 . 2 , 3, 4 , c ) <h JSe [h] ¥ S R , n (n 

= 1 , 2, 3, 4, c) , xi^]«i3gV IB ( n = 1 , 2 . 3, 4, c) K ft , R lid 



[ 0089] 












[&32] 














= V*/R rl 


... (i 


3 


2 — 


1) 




= K\/K 2 


... (1 


3 


2 — 


2) 






... (i 


3 


2 - 


3) 


^4 


= V?jR rA 


... (i 


3 


2 — 


4) 


yc 


= K/K C 


... (i 


3 


2 — 


5) 



[0090] 

± f 3 H « 5£ £ 9 . &^^WS£HJ^9 


I R , . ( n 




i . 


2 . 3 


a . 
[0091] 
[S&33] 










^rl = V X \ l a y\ 


(1 


3 


3 


- 1) 


R r 2 ~ Vx2l Ct y'l 


•• (1 


3 


3 


-2) 


Kl=K\/*y3 


(1 


3 


3 


-3) 


R rA — Vx*/ a y4 


(1 


3 


3 


-4) 



c) 



t 0092] 

Z.X . a ia \t. &mt&<D y Jjfa (^^r^l) OUll^gt>it 2 2 1 V ia te 
% ^ * $& O x ft ( at fr * ffi ) ©Joafit>1^2 2 1 ,i:I5iet>* 2 2 2 *^«taottJt 
T'^^oTl^Ot. (1 3 3 - 1) ~ (1 3 3-4) ST R , D ^ « ^ ^) ^1 i I: ^ ^ e 
[0093] 

n a , « w * «nc © ( 1 34) s e mfc&mte, & ^^m^mm 

h * -& <h is n 4 <h co e jb * t ,item>b h&mt<Dm.jjft<Dmm. Lrtti/ttait^a 

[ 0094] 
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[ IK 34] 

R^=^j(.K t +T rR y+L 2 r - (13 4) 



[ 0095] 



[ 0096] 
[&35] 












••• (13 


5 - 


1) 


a y2 


= ^2*>0 


... (13 


5 — 


2) 




= ^3*>0 


... (13 


5 — 


3) 


a y4 


= ^4^0 


... (13 


5 — 


4) 


cc 

yc 


= ^rc">0 


... (13 


5 — 


5) 



[0097] 

HK^bfcffimmteftiSaEcoofci:, & * tt *5 <£ t£ S ^ ^ is u T , «I0IT^I)0T, 
(1 3 5-1) — (1 3 5- 4) Sti^^cfc^^^^o 
[0098] 
[SU6] 

a> 2 = ^L = ^L = ^L = _Zl ... (13 6) 

/? rl 7? r2 i? r3 i? r4 

[ 0099] 

-tj££ (1 3 5-5) 5£ K ft A -5 £ . M >L* <T> y ^ [6] 1m & & a , « « . 
[0100] 
[Sfc37] 

^=f E -«,.=f SL «r 2 =f^««=f^»,4 - (137-1) 
K ri K r2 K r3 K r4 

••• (13 7-2) 

[0101] 

(1 3 7 - 1) SOf OflS:tt7Tt)«k^L, (1 3 7-2) 5C CD «fc O \Z , £ 31 CD ¥ *3 

£ O T cfc ^ o 

[0102] 

, EElHllHl^^ilSco 0 , S£@lei<B*SR fB tt, *ao88«^R)t»5uO. 
[0103] 



(18) 
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[ft38] 








V — rn R 




8 — 
o 


1 ) 


V X 2 = <»0 R r2 


... (13 


8 — 


2) 


Ks = MoKi 


•-. (13 


8 — 


3) 


V x4 = a> 0 R r4 


... (1 3 


8 - 


4) 


F = a> a R„ 

xc v rc 


... (13 


8 — 


5) 


[0104] 






-e > 



R f . 



[0105] 
[&39] 





= 6>;^i - 


.. (13 


9 — 


1) 


«x2 


= ^;^2 • 


(13 


9 — 


2) 


«x3 




.. (13 


9 — 


3) 


«x4 


= • 


..(13 


9 - 


4) 


xc 




.. (13 


9 — 


5) 



[0106] 

T . (1 39-1) ~ (1 39-4) iSte^CDi^Crft-S. 
[0107] 
[ft 40] 

£»J =£^L = ^ = ^ = ^± ... (140) 
7? rl 7? r2 R r3 R rA 

[0108] 

C CD w , ' £ (13 9- 5) CftXttltf. I^Kix^lfiliJDilgtt, ^CDi?>lC**^> 



[0109] 
[»41] 



R 



R„ 



« = -j^-«xl = ^-«x2 - ^T~ a *3 " — «x4 
K rI A r2 -K r3 ^ r4 



(14 1-1) 
( 1 4 1—2) 
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[0110] 

c<£>£#, (i4i-i) a<D£oa$ttoT ? b±ia, (14 1-2)^0^-5^, 

[0111] 

[0112] 

[0113] 
[»42] 









*1 ' 


••• (14 2 


-1) 








^2 


(14 2 


-2) 










••■ (14 2 


-3) 










••• (14 2 


-4) 


[0114] 













*MS^JC43 -5 31»*a SCtt. <lMl:J;5llft* (inertia] force) *t tL 

[0115] 

[&43] 

^cc =M«xc +g sin J3) (14 3) 

[0116] 

[0117] 
[1*44] 

F xc = M(a xc + gsin /?)+^ (14 4) 

[0118] 

-t^^r^^-T^^, t&SR.^IU^. S£®£JlE£lS0te> a/M9WTtt25ft 
<h # >L £ <h , l^^^rfeiAT, ^ ^ o i 9 ^> o 
[0119] 
[&45] 

=Ma' xc (14 5) 

[0120] 

(14 2) atBB«»t5t, * SC t & <S . £ c -e , a /M« M -c tt , m „ . f , 0 , 3 
[0121] 



(20) 
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L * 0 J 










F' 


= VK ■ MiKi - 




• (14 6 


-1) 


F' 


= \jk h • m 2 F z2 




• (14 6 


-2) 


F' 


= VK • // 3 f 23 




• (14 6 


-3) 


F' 


= \/k b - // 4 F, 4 




• (14 6 


-4) 


[0122] 











H*BR r c tO«t*b^©T, #C 5£ 1fi fifc 0 5t o o 
[0123] 
[g[47] 

F x , ' R rl ^ F x2 ^ R r2 ^- F x , R r ,^ F x4 R r4 = R^ ... (14 7) 

[0124] 

(1 4 7) ^^r^^-T^o 
[0125] 
[£fc48] 

A rc ^Vc ^rc ^Vc 

[0126] 

(14 8) 5$ <D , R T , / R r e = h , . R , t / R , « = h , , R , , / R , « = h » . R f 4 / R , « 

= h 4 £ u , mtin? b )i it £-r Z> A 5£ <D <fc 3 K ft -5 o 

[0127] 
[£Sc49] 

V^i+V^+V^+V 7 ^^ (14 9) 

[0128] 

(149) 5£&P#ra«#-r*>. £ £ r* , » * ^ ^ h ;p jt a /h «r pa a u ft ^ o 

[0129] 
[&50] 

^ + a 2 ^; 2 + a 3 ^; 3 + kk* =k - (ISO 

[0130] 

^-^^fr^te. T K ^ ~T J: 5 K , §*»OKft*F IB tX'J y ^<S.OB«a ( 
(14 6) 5£) £ . ( (14 5) 5£) I: la A , fiSE HI 4> i> <Z> ^ — * 

>h05£ ( (1 5 0) t<D31fl:^SSC&®^K, ft*il©Bffi*8i«»/i B ^*s-5 

o 

[0131] 
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[f£51] 







•■ ( 1 


5 


1 


— 1 ) 






«• (1 


5 


1 


-2) 


FU=\/KM 3 F t3 S[ 




(1 


5 


1 


-3) 


FU = ■ M4 F l4 • 5; 




- (1 


5 


1 


-4) 


FL = M«L 




" (1 


5 


1 


-5) 


+ /» 2 f; 2 + />,f; 3 + h A FU = f^ ■ 


(1 


5 


1 


-6) 



[0132] 

£KT\z. (l 5 l) SC * » v> T , #*^(7)^I^iSg:/i^*^*^it 0 
" * r . — fi., &mm&Kmmmto&* 4Mk£*>*l'l'* tz&mi* * m . £ T £ <h , (1 5 
l ) , o «k a & o 
[0133] 





(1 


5 


2 — 


1 ) 




•• (1 


5 


2 — 


2) 




•• (l 


5 


2 — 


3) 


FU = l/K • ju m F 24 ' S' 4 


•• (l 


5 


2 - 


4) 


K=Ma' xc 


(1 


5 


2 — 


5) 




•• (l 


5 


2 — 


6) 



[0134] 

cos/3 ii^^^T^SOi^ fc: fc: . 
[0135] 



(22) 



JP 2004-69071 A 2004.03.04 



[gc53] 






K = Vh • M m fMg • cos /? • 


(15 3 — 


1 ) 




/'ICQ 

• • • V J. o o 






(15 3 — 

\ -L. V** 


3) 


= V*» • A-ZiAfe • cos/? • 5 4 


(15 3 — 


4 ) 




••• (15 3 — 


5 ) 




- (1 53- 


6) 


/,+/* +/,+/,=! 


(15 3- 


7) 


[0136] 








<& /a 








[0137] 






[&54] 








• (15 4-1) 




T 2 =kd 2 T c 


• (154-2) 






(15 4-3) 




T, = kdj c 


(15 4-4) 




kd ] + kd 2 +kd 3 + kd 4 = 1 


(15 4-5) 





[0138] 

[0139] 
[I&55] 

t; =f x1J r, - (15 5-D 

T 2 =F x2 -R 2 - (15 5-2) 
T 2= F xi R > ••• (15 5-3) 
T 4 =F xt -R t ■■■ (15 5-4) 

[0140] 
[0141] 



(23) 
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[gc56] 



F x3 = k d2 -T c /R 3 

F X4 ~ k dA ' T c/ R 4 



(15 6 

(15 6 

(15 6 

(15 6 



1) 
2) 
3) 
4) 



[0142] 

* \Z , 

[0143] 
[*57] 

F' 
F' 
F' 
F* 

1 x4 



(15 6) i£&Mft-r2> 



=k dl /R i -T; 
= k d2 /R 2 r: 

= k d4 /R 4 T; 



(15 7 

(15 7 

(15 7 

(15 7 



1) 
2) 
3) 
4) 



[0144] 

C n •=» Sr (153) iS CD 
[0145] 
[SSC58] 

• t; = • n n fMs ■ cos/} • 5; 

k a jK ■ t; = \/k ■ fi„/ A Mg - cos p ■ s- 4 

K = Mct'„ 

= V k n /r x T;+h 2 - k d2 /r 2 ■ t; + h 3 -k d3 /r 3 ■ t; + h A ■ k a4 

fx +/ 2 +/ 3 +/ 4 =1 



(1 5 8—1) 
(1 5 8 — 2) 
(158-3) 
(1 5 8 — 4) 
(1 5 8 — 5) 

/r 4 • t; 

(1 5 8 — 6) 
(1 5 8 — 7) 



[0146] 

(1 58-5) . (1 58-6) 5£ T , ' « CD z> iZ m. it 2> 

[0147] 
[f&59] 

T; = Ma. 'J£,(h„ -k a JR„) - (159) 

/ n=l 



[0148] 

(1 59) (1 58-1) - (1 58 



- 4 ) i£ K: ft A ~T <h , M <S> * « 



(24) 
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[0149] 
[gc60] 

*, , • ^/l) (V /R n ) = l/k b - fi m f x g • cos /? • S; 
k d3 /R 3 cc'J^{h n k d JR n ) = \lk b Mm f ig c»sf} S' 3 

I n=l 

/l + / 2 + A+/a =1 
[0150] 

( 1 6 0 - 1 ) - ( 1 6 0 - 4 ) a*«»f6t, f B tt*<0<fc3fc 
[0151] 
[ffc61] 

[0152] 

fn^* (1 6 0-5) it (C ft A U . *z . (1 6 1) 5£ tc . £ ^> 

ai . <?> lit £ ft A L. , €-*^<DltS«-SH:f.**«6-5„ f t ofcf l»Stt f . 

e tc ft a -r -a . 

[0153] 

e^Tlc^-rs-iC + x?, * 3o » «: m . ( n = l ~ 4 ) f~ T- $> Z> co t: . ti — 7j£ftt&\z>b 

[0154] 
[&62] 

kjR x a'J^{h n k dn lR l ,)=\lk b - M ,f i gcosfiS; - (16 2 

"UlLiK ■k dn /R n )=\lk b M*Ag-<x>s/?S' 2 .» (16 2 
k„/R 3 aU£.(K'k Al /Rj=Vk b - / t 3 f 3 g C os0.S; ... (16 2 

/ n=l 

k d jR<a'Ji^ih n k dH lR n )=\lk b f*J A gcospS' A - (16 2 
/ «=i 

[0155] 

=&*^(DKSb^jF,„i:X'J^y^s„(Oli^^;tc^i/iTI5i^-r?>. * ?£ T- W: , 

#^^cDSS®illg^^c5*4?)-5.^:S?)t', £-j£tilcDlg»j;frF,„te. X 'J -.y s£ S . Id it 09 "f 

SiLfc*, 01 3i;^ti5t:, ( «S » * ) F, ot x'J-y^^s 0 © 

^ Sb tc *t L- . itSt^^enti^. 7Uy^*S,*i0.l~0.2OK, 

. « it 8* K «l in b T ^ * . -?-<D(«^£l/k b <hb. ^-f t©^A#S 

. FU 7 H/^->, Igjg^-C^^S^StL-fc. S*<*€ < 45 i:. flg # « # 4> S -ft "T 



.•• (16 0-1) 

--- (16 0 — 2) 

•■• (16 0—3) 

••• (16 0 — 4) 

--- (16 0-5) 



- 1) 
-2) 
-3) 
-4) 



(25) 
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[0156] 

S n cD§!^F I0 /F ID -Mn=f (S n ) Sf-^tUT/tU-fcBtSt^^ffifeftS 

[0157] 
[Ifc63] 



(16 3) 



[0158] 
[0159] 



[&64] 

F x2 =/'2^2 f ^ 2 ) 
=>"3 / %3 f ^3) 

F' = Ma' 

1 xc Ivxvl xc 



(16 4—1) 

( 1 6 4 — 2) 

( 1 6 4 — 2) 

( 1 6 4 — 4) 

( 1 6 4-5) 



[0160] 

CICD^f, f (S.) © » # f ' (S.) CD^<J6^«, 09 A « . *ST^tJ;5l: 
WMHA tfOf ( S „ ) ©HA f ( S „ ) £ * a6 , At-^fJ-SCt-e^S-S.. 
[0161] 
[#65] 



>-f(S„,) _ Af(S„) 



A/ 



A/ 



(16 5) 



[0162] 

rt< . 5 -C & ^ « -& tt , SI 4 II "t" i: 9 ^ , ^^mSrtt«M*S^ttft«ttf3*^bT 

t>a^. * # w k* , utt^bn^x u y^»*»o. i - o . 2 mmtew . 

* <D PQ O X 'J y^»S* 2 0 0 — 5 0 0 # fj b > ^n-f tlH »Kt 4 F , / F , m * Ett ^ 
1* 5 . l AB*t*OK:2yt< h*Stt*l«, 0. 4K-1K/W ho/tu 



[0163] 

3. ^tlj^CDS^^:— ^>hlCct>5 



(26) 
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&*$l<£>«affifiF ,„ <E> ^ KMC <t t> £t H . ^^S-L>^:Bfe^»)b. *ftjE-r-5i&^#£>*,> 
£: L , F,„&ItSJi3^L,T^'5^te ( IS i£ ) T-«, cm 6 © *i JJE « & ^ & < & -5 . 
[0164] 

[0165] 
[^66] 

H 2 =k d2 /R 2 •a;/t(*Jfi,)-l/t l f 2 gcospS' 2 
H, = k d3 /R 3 ■a' xc /± j {k dn IR n )-\lk b .f 3 g.cos/} S' 3 

M< = KJR* ■ <*'Jii{KJK) VK ■ f*s • cos/? 5; 

/ n=l 

[0166] 
[&67] 

= k d jR, a'J±(h n -kJR a y\/k b f lg . cos/3- S[ 
H 2 = A dJ //? 2 ■ a'd ± (h n ■ k^/Rj- l/k b - f 2 g ■ cos/?- S' 2 

I fi=l 

= W*3 ccd^iK ■k d jR n ) \/k b .f,g cosfi S; 

I n=l 

// 4 = k d jR A • a'J ■ kj R a ) yk b -f A g- cos fi-S' A 

[0167] 

f» . 31 £&: 0 ( M A tf , 3 IhJ H ) 10jiLtti:LTiR$$-&^^<hT> /i.oi^^S 
[0168] 

0 1 5 H ^ T i: 5 I- , « SS 2 £ H . , * -f — ^ — X £ W b , h?y^>^fcflF-*-r*Jn 

f , „ , 5t a* £ # * * . c c -c > He. w.^gt^^ffix^o, a,.(75*«e>^ttai6"rs 

[0169] 
[&68] 

MaH n = AFW h (16 8) 

[0170] 



(16 6-1) 

(16 6 — 2) 

(16 6-3) 

(16 6—4) 

(16 7—1) 

(16 7-2) 

— (16 7-3) 

— (16 7 — 4) 
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_t (16 8) -5 . 

[0171] 

AF zp =Ma pc H c /W b ••■ (16 9) 



[0172] 

If * ^ > if \Z <fc . mm<D$fMttm)k<D%:{kA f , tt . (l 6 9) aT**fcA F ip S: 

*lMtuntf*s £ o-r, St <d J: 3 fc: * . 10 

[0173] 
[*70] 



Af p =AF zp /M = a pc H c /W b - (17 0) 



[0174] 

U > A f p^^MI^iSl, *f IE "T <5 * Af.O^^-^r^A^i, iD^-M^RS 

£ *> \Z. *Si:J: DiJE^R^tfct^o ( f . ' » jE *9 O ffi ) 

[0175] 

[S71] 

(iu$m) 

(mm) 

/ 3 =/ 3 ' + A/, 

/ 4 =/;+a/„ 



(17 1-1) 
( 1 7 1 — 2) 

(17 1—3) 
( 1 7 1—4) 



[0176] 

2. p-g>^ic«t^.fe*o?i^^m^i)!) 

0 1 6i:i1-ipi:> » 4> iS £ £ H t . # -C — JH/? FST,, p- U >^i:f 4t5 Ira 40 

F , , . & j£ •=> * £ -2> ft , H . . T,tegE&<7>fiiT-i&9, a,.O^a6^r«m)S-r-5)o 
[ 01 77] 
[gc72] 

Ma rc H c =AF 2r T r - (17 2) 

[0178] 

± (1 7 2) xt^^^-T^^, AF ir H**^e>**S. 
[0179] 

50 
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AF 2r =Ma rc HjT r - (17 3) 

[0180] 

O \Z * £ o 
[0181] 
[&74] 



4/„ = *FJM = a„HjT r - (17 4) 



[0182] 

HI 7lC^-r«fc-5>«C. x, y^l«ilcOiE^Srfta6^:«-&. 
. o,,ftEOlt&0 , £ <»J * f& l :fc J; r_* 3 IC , A f,,c75ifg*rfilSrSnP:U. * fid *S 2 *3 

jS»lC*M^fe^r|^tc^ — ^"-rs^li, a , , H <E> fit <>: & 9 » £ <9J i£ l& d< 1 *5 J; 3 rt> <=> 

, a f ,, (Dt&ttm.&MW-is , *(M^^^2*3«trj:4i', Af,,«ise*nii^iiD^b, *g je -r 

•5 . Af,,0?9F^$:#^.n«, tEft ft — ^"^Ftfclc, Jy.Tlw*-rSClC«kD« □ — u > y IC 

35 . 
[0183] 

[§St75] 

/, =// + A/ zr (1 7 5-1) 

/,=/; + 4£r - (1 75-2) 

f 2 =/;-Af zr - (1 75-3) 
f 4 =/;-Af 2r (1 7 5-4) 

[0184] 

«r s ae ib -r * . hak, * 1 « , BftAFnCissA^-^vMcckoT, m^m 

F,.U«'>1 ( A F , . , i -T ) , *«3K«<K»*F I ,K«fc*K*^-;*>M;:cfc^ 
TfifWflF,, ««lratS (A Fi., tt o A Fi.i^itf A F|.,, gR lt 

[0185] 



[SC76] 

^xi = ^-AF u (17 6-1) 

^x3**3 = ^-AF u (17 6-2) 



[0186] 
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_L (1 7 6) 5S;£^^b, F.^Ma^OHffiSS^ii, 
[0187] 
[3fc77] 

AF U = F xl -RjW b = Ma xl RjW b - (17 7-1) 
AF,,3 = F x3 - RjW b = Ma x3 - RjW b ■•• (177-2) 

[0188] 

(177) ST**fci*$iMTiii3. miEWi <DffiMftmit f , * \zmm. j& » -r •& 

[0189] 
[ic78] 

f,=/ l '-AF l jM+AF u ,/M = /;-(a xi R l -a :[ , R i )/W b - (178) 

[0190] 

[0191] 
[ffc79] 

/, =/,'"(«„ -«* 3 - (17 9-1) 

/ 2 =/2'-(«,2 *2 -cc x ,.R a )/W b - (17 9-2) 

A=/^-(a x3 R 3 -a x ,R l )/W b ■■■ (179-3) 

f,=/;-(a xi -R,-a x2 R 2 )/W b - (179-4) 

[0192] 

, ^-^^oit^an^iij-r^o c: , ^¥tSt z («Sf*i*j) 2jd M S ir > -tf- 

[0193] 
[&80] 



e * = JJ«z^ 2 (18 0) 



[0194] 

Ji (18 0) e t I:, It^^^v'a >0«fe£Rk$^tf, & *: $i <?} 

[0195] 
[gc81] 

kFze = ke z — (18 1) 



[0196] 
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ft 3 . 
[0197] 

a 

Rll:8*t5i»5^**. c c -c , S 4> cd iD M S « (l 3 7) sc , (14 1) SC J: D 3ft 

[0198] 

[£&C82] 

0 c =tan~ l — (18 2) 

[0199] 

£ <Dm , tfyf >yj)D8«o, ( , O — U > ^ fin iS S a , « „ fi ^ <£> JJD iS ^ a a « , a y c <h 

[0200] 
[&83] 

a^c = «„-cos0 c +a^-sin0 c — (18 3-1) 

a rc =a yc cos0 c +a xc sin0 c (18 3-2) 

[ 0201] 

:©i:pl:LT*J6/ca M) a , e £ At f B (1 7 0) , (1 7 4) 5£ K: ft A L . tf y ^ > 
[0202] 

£ * J^TIC^0*tt$:^to Cd"rtt«^IB»itL B Srffl^S. S * IE # it , fix M ft 
[0203] 
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[»84] 



Ai3 '■ Aj4 



T • / 



A>2 '• L bA — _ 



1 


l 


fx ' 


/ 2 


1 


1 


A 




l 


1 




A 


l 


l 


/ 2 


'/« 



(18 4 

(18 4 

(18 4 

(18 4 



1) 
2) 
3) 
4) 



[0204] 

»6E»ttL>6, 13 2 1 4» <£> A , B, C , Di#*t«, ^UT, A <h C 43 «£ B 

* o 

[0205] 

«t "5 iw , itx^>^3>ogjiiL«*"ewa*afi-rntf, J:o»»si:ft*i©«E»i^ 

(1) ^X^>^3><£>/\**ogiIILg& (njR-^D^y-cfc.fcu) O^S^riil^T^^^,, 
l . p - Ht;PTftt5*iS. 

EE* SW^T *J5&» 

3. R^£^^Lfc:&flRM<D_hCD^i&f;i % A* ^ 0 § Jl ^ 1 T » ^IRS(D^^T^ 

o § n m & m ^ t , &m(D^mm&32±<Dmmm-cmj£~t2>yj?£ 0 

(2) a >o;t*©Sffi^«-5*ft. 

h>Py Ht©ffi©R»8fi ( -Y > ^ ^ * > X ) <D^it$:UYZ>Jj& 0 

3. f> a y ^ 7 7 V - A* - <r> tf X K > d y Hl:85aa«x>3-^*rtlbT*-;P« 
[ 0206] 

ffii*bfcft*iS<B«ffi»<OilHffi;frft©4»-I?* » , (1) 2. <OEE:tl"fe>1J-£JB^fct8 
-To 

AfrWJCtt, M2 2. m 2 3 C^tJ: 3 C, ±*^>f t 7 7 A T * * $ nt ^ 5 H-t 
77tt(Dft2 5 orti:*<;i/$«fci, fflBl:E*t>1^ 2 5 2 *»f*WT, ^ <£> ffi tf> _L 
i:*Myu-h251tl<. tlT, H-t77«©ffi2 5 0 $it7^>y 3 >2 5 

K t y 7 O ft 2 5 0 , BEJj1l>-y-m<DteV 2 5 5 £ <2J 9 , f :/>^t^i^aA 
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o 

#tLT«SSftT^«. (###ff^i:)IPi 2 0 0 2 - 1 6 8 7 1 1 ^fi|) 
*t<5<h#x_£*l£> * * ffi;*J5Mpa«fcD*:^H. gl$^a)H^Ji LT^, X T n > 



02 4 i^tct^c, T r . r , l , , 0 , , ^ <l o , i <dv x^> a >&mm-?<D$i 
f iim «»2 0D-x^>y 3 >si«-e©iiifiiiigfi$F III tt5. m > 

t> £ B * 0 2 4 * tf> A B : BD<Z>iaSfc: It MUT* »l^S»$n5. 1^ *£ . ^ M F 

. , , \z , **fti^5cfcrX2Jc, ac : CDOiBfti:it«Ufc«i^E»*n«ot?, 024 

+ O F , b , , F 1 k i & « 0 , , £ # i® b T , *SCl:J: 19*^5, 



[ 0207] 
[»85] 



[0208] 



= 5P 



(1 8 



5) 



[0209] 



[0210] 



[&86] 




(18 6-2) 



(18 6-1) 



[0211] 
[0212] 



1 b 3 



F 



1 b 4 



\t , sc s * £ * . 
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[SU7] 

F** =F IS} cos0 ir Trr ~ L ' +F a4 cos0 sr ^- - (187-1) 

F^ = F oA -cosO sr ^ + F IS4 . cos^ T "~ 4 (18 7-2) 

[0213] 

[0214] 
[ft88] 

^, = + ". (18 8-1) 

^2 = + K,2 •♦. (18 8-2) 

F,*=F !b i+W sn ... (18 8-3) 

F zi =F ibA +W sli ... (18 8-4) 

[0215] 

F , . . t , SftiO/UJH8flF Il .ili. « IE gc C . . „ (m. n = 1 , 2, 3. 4) * 

[0216] 
[&89] 

^, = C u /^ + C 21 F a2 + C 3lJ F w3 + C 4 ,,F„ 4 (189-1) 

F*i = C U2 F W1 + C 2 , 2 F„ 2 + C 32J F« 3 + C 4<2J P zs4 ... (189-2) 

= C W F UX + C 2 jF„ 2 4- C,,,/^ + C^F„ A ... (189-3) 

^ = C XA F„, + C 2 , 4 /^ 2 + C 34 F w3 + C A A F„ 4 (18 9-4) 

[0217] 

£ "T , ft**&a**fifc:<kS»ra«*1^ » » T (ri & v» « IB , &ifX^>'> 3 >8Bfc, J® 

~> 3 > 1 \Z , A F,,, ^ iD^fcei: t)"X^>y3 > 1 A F f ,,(i:%AnH ffi 

*# . -tJ-X^>^>3>2, 3, 4tt»Ift 0 ( if D ) £ *t A £ *X <5 . cfcoX (189) 

^ lw & T , F , , i = A F m i , F B ., = F.. 1 = F i .4=0ta:D, tt jE ft ft C , . , , C , . , 
. c , . , , C.Jt^SS, 

6ioinx.nB, i6{s<^5S^^^05£^aa:^@s:^-i?^-&co-e, 1 6 is *« ie 

® ft C B . B * ^ . 
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r n 9 i q 1 
I U L 1 8 J 






[&90] 








= F M 






= F*2 






= F» 3 




F, A 


= F 





■•• (19 0—1) 
(19 0 — 2) 
(19 0 — 3) 
(19 0 — 4) 



C 02 1 91 

or £ £ ffl V> T, &^^rc>KS^^^^M„i&3jJJ6«-C:t*t-C#^, 0 HfCS 
^MS5JS^g:Sr*»6?.c:t*t-r#S <> ft # , £tT ICS 1 14* git ^ ^ < c t t % 

[0220] 
[&91] 



K b 


(1 


9 


1 


-1) 


K 


(1 


9 


1 


-2) 


Kb 


(1 


9 


1 


-3) 


F U = 7~>«4^4 • cos/? - S' 4 
K 


(1 


9 


1 


-4) 




(1 


9 


1 


-5) 




(1 


9 


1 


-6) 



[0221] 

w , a at ^ fr » « , (191-6) s^oh D ofi] 

[ 0222] 
C 923 
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[0223] 
fc* 1 £ & o 
[0224] 

[0225] 
[R93] 




(19 2) 



[0226] 

_t (18 7) ^^WL^-t^h. *jtt&-5. 
[0227] 
[§C94] 




(19 3) 



[0228] 



[0229] 
[£Sc95] 



T n =k dn T c 



(19 4) 



[0230] 

± (18 9) 5£ £ |& # -T 5 i . #C SC £ & * . 



[0231] 
C*96] 



y.' = **r; ». (19 5) 



[0232] 
(18 8 



(19 0) j£ £ , F 



[0233] 

C K 973 




(19 6) 



[0234] 

Cin^ (18 6- 6) j£ K ft A "T * £ , & 3 & ft « . 
[0235] 



1 
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4 k h 

dn n -T^=F^ ••• (19 7) 



[0236] 

J: r> T , 
[0237] 
[&99] 

T: = i/il^T^-K (19 8) 

[0238] 

tl/T, (1 9 1) SCftAl, (1 86-5) SSfflUSi:, &*l§rCDF.„'tt^iC-e 

S £ tx -5 . 

[0239] 
IB. 100] 

Kn=k d jRJi: , ^-^-Ma' xc - (19 9) 

[0240] 

£ . (i 94) ztwMtej&itcicfco^S-s. 

[0241] 
[2&101] 

M = ^F 2n ... (2 0 0) 

[0242] 

£4 _L £ , (1 8 6-1) - (1 86-4) ^H^^T, JcitT^SOT 

[0243] 
[»102] 

M n =k dn /R„/i:^^ - (20 1) 

[0244] 

[0245] 
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[SU03] 



F, 



F =—^-a ••• (2 0 2— 1) 

Fyn=—<*yn (2 0 2"2) 

[0246] 

(18 4) aOf D *F xa ifefA^fc^aS:»<^tT» « 3? , KJtBM;: 

[0247] 
[* 104] 



L aX -L a2 = — :— ... (2 0 2- 1 1) 

^3 : ^a4 =^--^~ *** (2 0 2 -12) 



1 


1 


^, 




1 


1 






1 


1 






1 


1 




'^4 



L b ,:L b3 = — :— (2 0 2- 1 3) 

4,2 ^64=-^--^- (2 0 2- 1 4) 



[0248] 

& o 

[0249] 

02 6C^tiplI 4 F I -S#l4itt> S^/h^^i^tt, S <D m SD £ *> \Z F , tt 
I* £ £ 2> c 

A # « fcfc , F, - Sfti^PSt, O £ D . d F , / d S = ( d F a / d t ) / ( d S / 

d t ) * m & -r o 7 u 7y$s^/jN$^i-&, ^ o a a & « — ^ t & * ^ % x u > ^ m 

Stifi± & < % fS^X'J 7-/$l:ifioX dF,/dStt*S<46. £ o T . d F , 

/d S0M^, MlilttJtffiKJfcifcLT, OTAtf, 1X2, 1/3, 1/5, 1/10, 1 
/ 2 0ftfi:fiS:RSLTfet, f tl^T^l t ^ o ^c^f, ^ U - ^ $) ^, ^ « X > y > 7 
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* . m i?- x u rf m tfi m & & m & \z \t , ^'j^y$s*^#^ij7y$*jgA&^ 

[ 0250] 

* — :/ B$ « , * H © #t (g) ^l^JtcfeU-'fH^* — X F,„*{ffi< fc*, # j£ $1 £ it 
> > x □ v h;KDiis§ic J; saW5fT5. 

[0251] 

( # 3C i* 5 ) : ig # K — 6P 4^3*it^i!,mMgIft*tr*5it-S.^I^511iMP $£■ St 
19 9 8 

H7*-XF,.tO^AF,.i:, itU ffltE^OAF,, tOHiS^UfcfcOTibS. o 
SO, F,.*tfiF ll ©fiP)J;t)^t<&^fci, OiSftS. d C "C , j> 

[0252] 



[0253] 



im 105] 



= ,«„^%» - cos/? = M n fMg ' cos/3 



••• (2 0 3) 



[0254] 
[* 106] 




(204- 1) 




MsfjMg • cosyff • 5*3 — (2 0 4 — 3) 



AhfzMg- cos fi-S 2 (2 04 — 2) 




M 4 fMg c°s0 S 4 (2 0 4-4) 



[0255] 
[0256] 
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[£5cl07] 












... (2 0 5 — 


1) 




f 2 a y2 M 


••- (2 0 5- 


2) 


^ = 


f 3 a y3 M 


••• (2 0 5 — 


3) 




f^ yA M 


(2 0 5 — 


4) 


[0257] 

[0258] 
Cm 1083 




. « * s: ^ e> J* £ . 





^=V F - +F A =^^./.^-cos^.5 Jt J + (/„cr >vl ) 2 -A/ (2 0 6) 

[0259] 

z.<d £ ? \z , &¥^oxu ^^^Sot, « ffif « f , „ , y ( m ) *r^]*n^Sa yn ^ffi^^ 

T . & * CD ^ # F . „ (B»AF,,tf < H7*-XF M ©^^ 3ft £ £ . 

> iSJi«r«, y (St) fine * £ S & V> <B * ^*F. B £gglfr:fcF XB a*^U<£:D, y 
( #£ ) *l^j»jlSa T> $i^^<Tt)J:^o i^, a T a = 0 <h T n fcf > (10 6) iC^ffi^ 

[0260] 

& R <D }£ IiJ ^ £ 91 £ ft: -5 fc: , «$ttK^UT^*F fl ^F, l HT^»ntf, * *6 
[0261] 

[ aio9] 



r j y 

—M n g cosp S n +\a y „Y M f n < Mn fMg ^sJ3 -» (2 O 7) 

[0262] 

Jb (2 0 2) a^MiSC f M ^ 5 O "C i A , ^S^SDfiOif , it £ & ^ £ £ 

& o 

[0263] 
[»110] 



r i v / \ 

— ju.g cosJJ S n +(a yn ) 2 </x n gcos/? (2 0 8) 

[0264] 

Jb (2 0 3) * — ^ ^ fT , as^fip, I*»^*S^I^T 

[ 0265] 

i2 8 l«??JT,(:i5Ut, (d F. 0 /d t ) ct.)©*S*ff^» t|j>i 



(40) 



JP 2004-69071 A 2004. 03.04 



[0266] 

[gem] 



r 



F wn iT 2 ) = F wn (T l ) + 



dt 



t (2 0 9) 



[0267] 

fit, F..(T,,^Fi.tfeSWrlCtt, ^F^JT.H^^T, — *^X>>?>Xn^ 

H2 8 Sffl^TRWf a jft , bjSICO^T, a jft CD % -& , <W # ( d F t . / d t ) 

(in^/hSV^T, Wf #J T f fC 43 T , F. BC Ti><F, B <fcft*<D-C, b j& 

CD , ( d F . . / d t ) ( T , > ffi * £ < , »MT2 ' H*^T, F WB ( T1 ,^F lB< h^ 

[0268] 

& £ , ^ > ^ tf > £K ^^X^^, ^V>/N*^. 3 — &<D&W<0&£;\Z*O^TmW'?Z> 

cfc 

02 9 S§®[H]figB£31iI"r£ii¥, itx^>->a >^#8Sb, $1 5£ M K 

ij)«tCi #»a**<J:ff^Uy^*»i:RI^*U*- ^^«^^ # * *fc X # « « ( * 
^n-^h, *«a-7 h tt)^5. ) fcz:frft»a«-te>-!*2 2 1*Wtf*tt, H D3 £j 

£ fc* z*ffltt*«*>1*2 2l*»tttffttf* ^Oi^lttSutt? 

[0269] 

# K * in 3* « -fe > 2 2 1 C^^TI^I"^. 
[0270] 

j^T^ia?$S-fe>^2 2 i i:o^Tfiii:Kit5. 

1. 7tO^ • f /HtXttS^ttS, TADXL2 0 2EJ 

JC<fct)pI*T»0, JSfftt £ & W« £ & * . 6 0Hz-2mg, 20Hz-l 

mg. 5Hz-0. 5mg, Hl« 1 0 0 OgT'$. 0 , ffifl$MKte-6 5-15() , C£>£>o IS 
StJS^rtSpJfilT&^o It X 5 mm x 5 mm x 2 mm <h /J\ T , 1 P 5 0 ORggtil^T' 
& 9 > «^6»HtfibnTV55. cn$2I«^tfx, y^[^](DiP5i^<hx, y tt lei 0 

iraa«<©fpffltio*u**tcfcoT, tf x 1& fit k & * ^ £ b , *a s§ s o & m £ ?t 
o 0 if4<7)ini3is-fe>-t^^3is, 2fSooiiaj$s-ti>it$:2@*a^.iLTT, 3 fa ft o }jq S 
m&msziz&mvimx . «€r<z>tfeai 5 bpjfiE-e&*. »gi/>yit ± 3 g t , ^ & — ^ 

it-fXAM.8X4.8X 1.2 5 mm £ S /h S * * . 
3. JtlSttfLXi8S!b:x!/a»[S3tllilra3«K1r>lJ- 
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0, if-fXH5.2X5.6Xl.35 mmX $> 2> «> 

(HS^gfXitfc) 3f R§ 2 0 0 3-2 4 0 7 9 5 # £t fg . 

($1 2 0 0 2 - 2 4 3 7 5 9 ^^1 
Jbj&lxfclniSS«-fe>-t*-*>'&'«>T, *n5*«-fe>U-2 2 1fcte, ISIICJ: 

[0271] 

*«i8fiT**. a at * bsmc « . * fa 3. - h \z n iff n x ^ n « & ^ 

WiSaflEV.iitfX'Jy^^S.lCfcRa^ti;*. o X . HP iS flg -fe > * 
[0272] 

lDil«t >1f2 2 1 ^-f t^<-JK7)UAlrtd^, 150 mmJm ft \Z 

^ * -& tot , KTfC^1"i 5 ^-f-VOfiEHIft^^. *7t y UtiEL 

[0273] 

i 3 0 C^tcfc 3 C> * f& n ( n =l, 2, 3, 4) lc , < 4> £ 

<e> & e k . immmii 2 2 1 znx^&m&iz^^xKm-r*. 

mm n *t X . * * IrJ Kl » ff L< X V^T , X.^fpjJcfflElHl-rsilf, ft * is <e> x U 

[0274] 
[8Ul2] 

Aa. =y<r-0; — (2 1 O) 

[0275] 
113] 

=y ojr -(^) 2 - (2 11) 

[0276] 

x , ad m m & ± c z> o x 0 ^ « , mimmm&ftm is . y a ^m\z\tm^tKDmmm^^ 

[0277] 

fc: . »P i$ S -fe > If 2 2 l^ct^lHie-fe>1f2 2 2CD*gS^-^l^TIK^*r^>o 
S W" flP jSSgtot , &58 3ft*3K ^l^U-^^-C, iO.SgiST^D, ftJjrj&at 

^#£*D^^fcl3t£^^<h#;^£>n£>o o X , KflfT^Jn^StelgCDiSHftx&O. 
f^l/ 2 0 0 - 1 / 5 0 OOig^^^Tj^ttSd:, 5 mg~ 2 mg<£> #Mmtfi&m £. 

Xtt^cojPjt^-fe>-^Hr3>^>it^^A^C^T^ 0.0 1 Hz ^ £ 5 kHz £ X i& £P rt< pJ 
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